Context. Unbiased spectral surveys are powerful tools to study the chemistry and the physics of star forming regions, as they can give a complete census of the molecular content and the observed lines probe the physical structure of the source. Aims. While unbiased surveys in the millimeter and sub-millimeter ranges observable from ground-based telescopes have previously been obtained towards several high mass protostars, very little exists on low mass protostars, believed to resemble our own Sun's progenitor. Aiming to fill up this gap, we carried out a complete spectral survey of the bands at 3, 2, 1 and 0.8 mm towards the solar type protostar IRAS16293-2422. Methods. The observations covered about 200 GHz and were obtained with the IRAM-30 m and JCMT-15 m telescopes during about 300 hours of observations. Particular attention was devoted to the inter-calibration of the obtained spectra with previous observations. All the lines detected with more than 3 σ and free from obvious blending effects were fitted with Gaussians to estimate their basic kinematic properties. Results. More than 4000 lines were detected (with σ ≥ 3) and identified, yielding a line density of approximatively 20 lines per GHz, comparable to previous surveys in massive hot cores. The vast majority (∼ 2/3) of the lines are weak and due to complex organic molecules. The analysis of the profiles of more than 1000 lines belonging 70 species firmly establishes the presence of two distinct velocity components, associated with the two objects, A and B, forming the IRAS16293-2422 binary system. In the source A, the line widths of several species increase with the upper level energy of the transition, a behavior compatible with gas infalling towards a ∼ 1 M object. The source B, which does not show this effect, might have a much lower central mass of ∼ 0.1 M . The difference in the rest velocities of both objects is consistent with the hypothesis that the source B rotates around the source A. Conclusions. This spectral survey, although obtained with single-dish telescope with a low spatial resolution, allows to separate the emission from 2 different components, thanks to the large number of lines detected. The data of the survey are public and can be retrieved on the web site http://www-laog.obs.ujf-grenoble.fr/heberges/timasss.
Introduction
It is well known that the chemical composition of the gas from which the star forms influences the process of the star formation and it is, in turn, influenced by it. The first obvious example is that the Jeans mass depends on the gas temperature which, in turn, is set by the molecular line cooling in a large range of densities and temperatures. The chemical composition of the gas is here of paramount importance, as the cooling is indeed dominated by different species as a function of the gas temperature and density and the elemental abundance (Goldsmith 2001) . A second classical example is the slow contraction of the prestellar cores which is governed by ambipolar diffusion. Since only ions feel the magnetic field which counteracts the gravitational force, the chemical composition of the gas, which determines the ions abundance, is crucial. In addition to this, since the gas chemical composition is largely affected by the star formation process, its study in star forming regions is a powerful diagnostic tool to track down the various processes at work. Finally, the study of the chemical composition in regions forming solar type stars is of particular importance, as it helps to understand the history of the formation of our own Solar System. For example, the comparison of the chemical composition of comets with that of solar type protostars or protoplanetary disks is used to trace back the origin of the former (Crovisier et al. 2004) . The same applies to the studies of the molecular content of meteorites. In particular, the recent claim that the amino acids found in carbonaceous meteorites may have formed during the first phases of the life of the Solar System is based on the measured large deuteration in the meteoritic amino acids and in the protostellar environment (Pizzarello & Huang 2005) . In this context, unbiased spectral surveys in millimeter and submillimeter wavelengths are particularly relevant as they allow to detect heavy and large molecules, and, specifically, complex organic molecules. In summary, unbiased spectral surveys in the millimeter to submillimeter wavelengths are a powerful method to characterise the molecular content of astrophysical objects, and the only way to obtain a complete census of the chemical species.
There are at least two other aspects that make unbiased spectral surveys precious tools for studying the star formation process. First, in general they provide multiple lines from the same molecule, allowing multi-frequency analysis and modelling. Since different lines from transitions with different upper level energies and Einstein coefficients are excited at different temperatures and densities, they probe different regions in the line of sight. A careful analysis can, therefore, distinguish between the various physical components in the beam. If one adds also the kinematic information provided by the line profiles, the method can be so powerful that it can identify sub-structures in the line of sight, even if the spatial resolution of the observations is inadequate. In the present article, we provide an example of this capability of unbiased spectral surveys.
Given their powerful diagnostic ability, several unbiased spectral surveys in the millimeter and sub-millimeter bands accessible from ground have been obtained in the past in the direction of star forming regions. A complete list of these surveys can be found in Herbst & van Dishoeck (2009) . By far the most targeted sources are hot cores, the regions of high mass protostars formation, where the dust temperature exceeds the sublimation temperature of the water-ice grain mantles, ∼ 100 K. The combined effect of the mantle sublimation and the high gas temperature triggers a singular and rich chemistry. At the same time, the relatively high densities (≥ 107 cm −3 ) and temperatures (≥ 100 K) are favorable for the excitation of several high lying transitions. The result is that extremely rich spectra are observed towards the hot cores. About a dozen hot cores have been targeted in different bands (Schilke et al. 1997; Helmich & van Dishoeck 1997; Hatchell et al. 1998; Schilke et al. 2001; Tercero et al. 2010) . One of the most studied hot cores is the Orion-KL source. Spectral surveys covering almost all the bands accessible from the ground have been obtained, from about 80 to 900 GHz, detecting thousands of lines from hundreds of species and relative isotopologues (see for instance Schilke et al. (1997) ; Lee et al. (2001) ; Comito et al. (2005) ; Olofsson et al. (2007) and references therein; Demyk et al. (2007) ; Carvajal et al. (2009) ; Margulès et al. (2009); Tercero et al. (2010) . In addition, the 500-2000 GHz range is observed with the HIFI spectrometer (de Graauw et al. 2010 ) on board the recently launched Herschel 1 satellite (Pilbratt et al. 2010) , in the Key Program HEXOS (http://www.submm.caltech.edu/hexos/). Similarly, the 500-2000 GHz range is observed in other hot cores, in the Key Program CHESS (http://www-laog.obs.ujfgrenoble.fr/heberges/chess/). Preliminary results of the surveys performed in these two Herschel Key Programs can be found in (Bergin et al. 2010) and (Ceccarelli et al. 2010) , respectively.
Although less massive and less luminous, solar type protostars also possess regions where the dust mantles sublimate, yielding similar properties as those of hot cores (see and references therein). These regions have been baptized hot corinos, to make it clear that they share similarities with hot cores but are not just scaled version of them (see also Bottinelli et al. 2007 ). The interest in observing hot corinos, whose sizes are comparable to the Solar System sizes, is amplified by the fact that they likely resemble the Solar Nebula. In other words, their study corresponds to an archeological study of our ancestor Solar System. So far, only one (partial) spectral survey has been obtained towards a solar type protostar (Blake et al. 1994; van Dishoeck et al. 1995) . The targeted source was IRAS16293-2422 (hereinafter IRAS16293), in the L1689N cloud (d = 120 pc, Loinard et al. 2008 ). This survey partially covered the two windows in the 200 GHz and 350 GHz bands accessible from ground, and has been obtained with the JCMT and CSO telescopes. The sensitivity achieved (∼ 40 mK ) allowed the detection of 265 lines from 24 species, namely the most abundant molecules: CO, H 2 CO, CH 3 OH, SO, SO 2 etc... Later, more sensitive observations have shown that the IRAS16293 line spectrum is rich in complex organic molecules (Ceccarelli et al. 2000b; Cazaux et al. 2003) , and doubly (Ceccarelli et al. 1998 ) and triply (Parise et al. 2004 ) deuterated molecules. In retrospective, further support for the interest in obtaining an unbiased spectral survey towards IRAS16293 is provided by the recent Herschel/HIFI data in the 555-636 GHz range: it shows that, while IRAS16293 has much less lines than the 2 × 106 L source NGC6334I, the same number of species is detected in both sources (Ceccarelli et al. 2010) .
Several studies have been carried out towards IRAS16293, both with single dish telescopes and interferometers. The emerging overall picture is that IRAS16293 is a protobinary system (Wootten 1989; Mundy et al. 1992) surrounded by an envelope of about 2 M (Crimier et al. 2010) . The structure of the envelope has been the target of several studies (Ceccarelli et al. 2000a; Schöier et al. 2002; Jørgensen et al. 2005) . The most recent one by Crimier et al. (2010) concludes that the envelope density follows a r −2 power law at distances larger than about 1300 AU and r −3/2 innerwards. The grain mantles are predicted to sublimate at a distance of 75 AU, where the density is equal to 2 × 108 cm −3 . The envelope extends from about 25 AU to about 6000 AU from the center. Inside the envelope, the two sources, A (South-East) and B (North-West), of the binary system are separated by about 4" (separation measured from interferometer observations at a spatial resolution of about 1"), equivalent to a linear distance of 480 AU. The source B is brighter than the source A in the millimeter continuum and in several "cold envelope" molecular lines, whereas the source A seems to be brighter in several hot corino like molecular lines (Kuan et al. 2004; Bottinelli et al. 2004; Chandler et al. 2005) . Finally, Chandler et al. (2005) have claimed that source A might be a multiple sys-tem and very recent observations (Pech et al. 2010 ) suggest that A is itself a binary system of 0.5 and 1.5 M respectively.
Despite its relatively complex structure at arcsec scales, IRAS16293 remains the brightest and best source to carry out a detailed study of the gas chemical composition in the first phases of the formation of a solar type star. As discussed above, the best way for that is to obtain unbiased spectral surveys, as sensitive as possible. In this paper, we present the results of the most sensitive unbiased spectral survey of the bands between 80 and 366 GHz observable from ground based telescopes obtained so far in direction of IRAS16293. This study is part of a more general project that plans on observing also the 500-2000 GHz frequency range with the spectrometer HIFI on board the Herschel satellite, in the context of the Herschel Key Program CHESS (Chemical Herschel Surveys of Star forming regions: http://www-laog.obs.ujf-grenoble.fr/heberges/chess/, (Ceccarelli et al. 2010 ).
Observations
The observations were obtained at the IRAM-30 m (frequency range 80-280 GHz) and JCMT-15 m (frequency range 328-366 GHz) telescopes during the period January 2004 to August 2006. Overall, the observations required a total of about 300 hours (∼ 200 hr at IRAM and ∼ 100 hr at JCMT) of observing time. The beam of the survey varied between 9 and 33 , depending on the used telescope and frequency, and the spectral resolution ranged between 0.3 and 1.25 MHz, corresponding to velocity resolutions between 0.51 and 2.25 km s • 28 33 . A and B components, separated by 4 , are both inside the beam of our observations at all frequencies. However, at the highest frequencies observed with the IRAM 30 m telescope (i.e. the 1 mm band), the attenuation of emission from source A is not negligible as will be discussed in section 5. All observations were performed in Double-Beam-Switch observing mode, with a 90 throw. Pointing and focus were checked every two hours on planets and on the continuum radio sources 1741-038 and 1730-130. Table 1 summarizes the observed bands and the details of the observations. More details are given below for the IRAM-30 m and JCMT-15 m telescope observations, respectively. Because of the different weather conditions during the different runs, the system temperatures varied largely. However, during the data processing, scans with too large system temperatures were removed before averaging.
IRAM Observations
The following three bands were almost fully covered by observations at the IRAM-30 m telescope: 3 mm band (80-115.5 GHz), 2 mm band (129-177.5 GHz) and 1 mm band .
In all IRAM-30 m observations, two frequency ranges were observed simultaneously, with two SIS receivers with orthogonal polarizations for each frequency range, in the following configuration: 3 mm receivers (A100 & B100) in parallel with 1 mm receivers (A230 & B230), and 2 mm receivers (C150 & D150) in parallel with 1 mm receivers (C270 & D270). Because of the limitation (at the time of the observations) of the IRAM-30 m backend capabilities in terms of instantaneous frequency bandwidth and spectral resolution, we privileged the largest possible spectral bandwidth to cover the IRAM-30 m bands in the smallest observing time. For simultaneous observations in the 3 mm and 1 mm bands, the VESPA autocorrelator was split in 4 parts, 2 of them covering the whole IF band of the A&B100 receivers (0.5 GHz) with 320 kHz spectral resolution and the two others covering half of the IF band of the A&B230 receivers (1 GHz) with 1250 kHz spectral resolution. The second half of the IF band of the A&B230 receivers was covered with the 1 MHz Filter Banks (FB). For simultaneous observations in the 2 mm and upper 1 mm bands, the VESPA autocorrelator was split in 4 parts, 2 of them covering half of the IF band of the C&D150 receivers (0.5 GHz) with 320 kHz sampling two others covering half of the IF band of the C270&D270 receivers (1 GHz) with 1250 kHz sampling. The second half of the IF band of the C&D150 receivers was covered with the 1 MHz FB.
The configuration for observations in the 2 mm band resulted in different spectral resolutions for each half of the IF band of the receivers (320 kHz ∼ 0.65 km s −1 and 1 MHz ∼ 2 km s −1 ). Therefore, we shifted the tuning frequency of the receivers by only 0.5 GHz from one tuning to the next one to cover the entire 2 mm band at the highest and at the smallest spectral resolution respectively. As a consequence, two different datasets were obtained, one at high resolution (generally used for studying brighter lines), and one at low resolution (for the faint lines).
JCMT Observations
The JCMT-15 m observations covered the 328 to 366 GHz frequency range. They were obtained with 345 GHz SIS receiver RxB3 in dual-channel single-sideband (SSB) mode. Each polarization of the receiver was connected to a unit of the ACSIS autocorrelator providing a bandwidth of 0.5 GHz for a spectral resolution of 625 kHz. At 345 GHz, this yields a velocity resolution of about 0.5 km s −1 .
Calibration

Method
At the 30 m telescope, the calibration was performed with a cold and a warm absorbers, and the atmospheric opacity was obtained using the ATM program (Cernicharo, 1985, IRAM internal report) . At the JCMT, line strengths were calibrated via the chopper wheel method (Kutner & Ulich 1981) . Our spectral survey does not allow to estimate the calibration uncertainties from line observation redundancy: each spectral range has been observed only once and there is only negligible frequency overlap between adjacent spectra. From our simultaneous observations with two receivers in the 1 mm range we may estimate the receivers contribution, but to derive the total calibration uncertainties of the survey, we have performed a detailed comparison between our observations and previous observations. As our comparisons rely only on observations obtained with the same telescopes towards the same position (namely source B), there is no bias due to different sources dilution in the beams and our results are not affected by the underestimate of source A contribution at high frequency. The comparison includes virtually all the published data towards IRAS16293 ob- Parise et al. (2004) . Table 1 reports the percentage of the 
N cal is the number of compared lines for calibration purposes, (5) P cal is the percentage of compared spectra for calibration purposes, (6) these values refer to the "internal" comparison between VESPA and 1 MHz FB spectra simultaneously observed; the other ones refer to "external" comparisons with published or previously obtained observations. survey spectra that could be cross-checked and calibrated against previously published data for each band. In addition, we crosschecked the calibration in the 2 mm band by comparing the data obtained with 1 MHz and 320 kHz resolution. Finally, we estimated the calibration uncertainty due to the receivers by comparing lines in the 1 mm band observed with the two receivers A230 and B230.
To quantify the differences, we obtained Gaussian fits of the considered lines and compared their characteristics (integrated intensity, peak intensity and full width at half maximum, FWHM), with the previously published values. Note that the comparison was performed in the main beam brightness scale (T mb ), based on the T * A /T mb beam efficiency factors given in Table 1 . This method provides two types of check: i) the average uncertainty over each band; and ii) possible specific calibration problems on single settings.
Calibration uncertainties
With the method described above to quantify the calibration uncertainty in the survey, we obtained the following results.
FWHM:
In all the frequency ranges, except 1mm, the agreement between the survey and the published FWHM values is within 15-20% and no systematic trend is observed. In contrast, in the 1 mm band the FWHM of the survey lines appears systematically broader by 1 kms −1 than the published values. This is likely due to the relatively poorer spectral resolution of our survey in this range (0.8 to 1.9 kms −1 ) compared to the linewidths (on average 4-5 kms −1 ).
Integrated and peak intensity:
The comparison of the integrated and peak intensity of the lines of the survey with published values yields the same results, when the difference due to the spectral resolution described above is taken into account. Besides, since the derivation of the integrated intensities does not depend on the line shape, we choose to quantify the calibration uncertainties by comparing the integrated line intensities.
Derived uncertainties:
We can derive an estimate of the calibration uncertainty from the distribution of the integrated intensity ratios. Fig 1 shows the result for the 1mm band. If one excludes the two extremes at ≤ 0.5 and ≥ 1.5 which correspond to spectra with "anomalous intensity", the ratios distribution can be fitted by a Gaussian with a mean value R, very close to 1 and a standard deviation σ ratio .
With the assumption that the relative uncertainties on the published intensities, σ pub , and on the survey line intensities, σ cal , are independent variables, the error propagation formula leads to the following relationship:
Most publications report calibration uncertainties of 15% (or do not report any estimate). Except in the 3 mm frequency range, where our comparisons suggest that the calibration uncertainty is probably somewhat lower than 15%, we obtain consistent uncertainties either assuming σ pub = 15% for all the frequency ranges or assuming that our observations are representative of average observation conditions in each frequency range, i.e. σ pub = σ cal and thus σ 2 cal σ 2 ratio /2. Table 1 reports the resulting calibration uncertainties for each observed band.
It can be noticed that at 2 mm, the "external" comparisons with published spectra, which include all uncertainty factors, lead to higher values than "internal" comparisons between the VESPA and 1 MHz FB simultaneous observations, which take into account only the contribution of the backends. Similarly, at 1 mm, comparison of the line intensities observed simultaneously with the two receivers A230 and B230 shows that the receivers' contribution to the calibration uncertainties is of the order of 10%, whereas the total calibration uncertainty is 17%.
Finally, the full list of lines used for the calibration comparison is reported in the On Line Material, in Table 2 for a comparison between the survey lines and previous observations obtained with the same telescopes and in Table 3 for a comparison between the survey lines observed simultaneously with VESPA and the 1 MHz Filter Bank at the IRAM 30 m telescope.
Data release
The data are made publicly available on the web site http://wwwlaog.obs.ujf-grenoble.fr/heberges/timasss. The site provides the files with the IRAM-30 m and JCMT-15 m data in CLASS format (http://www.iram.fr/IRAMFR/GILDAS). The intensities are in T A * . Based on the discussion of the previous section, the potential user is highly recommended to verify the calibration uncertainty of the data that she/he wants to use by looking at Tables 2 and 3 . We emphasize that we did not apply any "rescaling" factor to the survey data because the difference may be Fig. 2 . The IRAS16293 spectra in the four bands of the survey. Upper panels: IRAM-30 m 3 mm and 2 mm bands. Lower panels: IRAM-30 m 1 mm and JCMT-15 m 0.8 mm bands. The middle panels are blow-ups of sample frequency ranges in the four bands respectively. These panels include lines identification based on the publicly available spectral databases (see text for details). Fig. 1 . Distribution of integrated intensity ratios of this survey's 1 mm lines compared to published observations obtained with the IRAM 30 m telescope. The curve is a Gaussian fit to the histogram ruling out the "anomalous" ratios (≤ 0.5 or ≥ 1.5). It can be noticed that the 12 "anomalous" ratios correspond to only 7 "anomalous spectra" among the 165 spectra observed in the 1 mm range.
caused by a wrong calibration of the published data rather than a wrong calibration of the survey data. Only a very careful scientific analysis can assess what is the best. It is, therefore, the user's responsibility to verify that the data are correctly used, based on the information provided on the web site. Figure 2 shows the full survey in the four bands and the richness of the IRAS16293 line spectrum. On average about 20 lines per GHz have been detected with a S/N larger than 3 in the 220 GHz frequency range covered by the survey. The line density seems to slightly increase with frequency: 17 lines/GHz in the 3 mm band, 19 and 23 lines/GHz in the 2 mm and 1 mm ranges respectively and up to 26 lines/GHz in the 0.9 mm range.
Results
Overall survey
To quantify more rigorously the lines and species detected in the survey, we made Gaussian fits and line identification using the CASSIS package (http://cassis.cesr.fr 2 .). The spectroscopic data come from the CDMS and JPL databases (Müller et al. 2001 (Müller et al. , 2005 Pickett et al. 1998 and references quoted on the databases to data producers for each species). In a few cases (ortho and para H 2 CO for instance) a specific database with each form separated has been used (see http://cassis.cesr.fr). For the D-bearing isotopologues of methanol, only the lines reported by (Parise et al. 2002 (Parise et al. , 2004 are included in this paper.
Hereinafter we will only consider lines identified according to the following criteria: i) lines belonging to species included in the JPL and CDMS databases or to the D-bearing isotopologues of methanol, ii) lines detected with more than 3σ in the integrated line intensity, iii) unblended lines and iv) lines with upper level energies E up lower than 250 K. This last condition only limits the number of methanol lines in this analysis, since such lines of other molecules are too weak in any case. When applying these criteria, we end up with ∼ 1000 lines listed in Table  4 (Online Material). In the table we report the line identification together with the result of the Gaussian fit of each line (see also §5.3). Figure 3 shows the line densities, limited to the lines satisfying the above criteria, in each of the four survey frequency ranges, for various signal to noise ratios. In the 3 mm and 2 mm 2 CASSIS has been developed by CESR-UPS/CNRS ranges, theses densities are a factor 2 to 3 smaller than the estimates of the total densities including blended lines. This effect is still stronger in the 1 mm and 0.9 mm ranges, where the lack of weak lines (3 S /N < 10) is particularly striking in Fig.  3 . This is a bias due to our selection criterion of non-blended lines. In fact, these frequency ranges are rich in lines from large molecules, which emit many weak lines, so that our unblended line criterium filters out a large fraction of these moderate signal to noise ratio lines. In contrast, the 2 mm range, which benefits from a better spectral resolution compared to the 3 mm and 1 mm ranges, suffers less from this selection effect.
Overall, most of the lines retained in the 1mm and 0.9 mm ranges and a large fraction ( 2/3) of the lines retained in the 3 mm and 2 mm ranges have a high signal to noise ratio ( 10). The density of lines with such high S/N is relatively constant in frequency and equal to 4 − 5/GHz.
When comparing with the line density quoted at the beginning of the section, namely about 20 lines per GHz, obtained considering lines with S/N≥3 but no other filter, clearly the introduction of the other criteria, unblended lines and, to a lesser degree, identified lines and E up ≤ 250 K, severely underestimates the line content.
The line intensity spans more than three orders of magnitude, from 10 mK to 24 K. The number of lines showing an integrated intensity larger than a given threshold is given in Fig. 4 . For integrated intensity ranging between 1 and 30 K.km/s, the distribution roughly follows a power law of slope -0.9. The power law breaks down in the high and low end of the distribution. This slope is identical to the those observed by Schilke et al. (2001) ; White et al. (2003) ; Comito et al. (2005) in their submillimeter surveys of Orion-KL. Similarly with what is observed in these surveys, this slope does not provide a good fit for the brightest and the weakest lines. Table 5 lists the species detected and identified in the survey, with the number of lines, the range of upper level energy of the lines and other observational quantities (see below).
Detected lines and species
In the frame of a survey analysis restricted to the four line criteria mentioned above, 69 different molecules (including ions) have been detected. They correspond to 32 distinct chemical species and include 37 rare isotopologues. Out of the ∼ 1000 lines of Table 5 , about half belong to only three species: CH 3 HCO, HCOOCH 3 and CH 3 OH.
Most of the 4000 lines detected in our survey belong in fact to the species already identified in this source (see Table  5 ), among which a few molecules show extremely rich spectra, with many weak and/or blended lines, not included in the present study. Although we anticipate the presence of unidentified lines, their identification will require a careful analysis and even probably modeling of these spectra. Also, with the E up ≤ 250K selection criterion used in this work, we do not identify any vibrationally excited lines. These objectives are postponed to a future article. Table 5 also lists the sum of the line flux in each species. For species showing rich and complex spectra or with numerous lines with upper energy levels ≥ 250 K, this value is in fact a lower limit due to the numerous weak and blended lines not included in the present analysis.
As noted by the previous study (Blake et al. 1994; van Dishoeck et al. 1995) , the millimeter and submillimeter spectrum of IRAS16293 is dominated by simple O-rich species like CO, SO, H 2 CO, SO 2 , and CH 3 OH (the three first families alone contribute to more than 2/3 of the total flux). In the frequency range covered by our survey, the total flux emitted in the CO main and isotopic lines is about 800 K.km.s −1 , ∼ 30% smaller than the flux emitted in the SO, H 2 CO, SO 2 , and CH 3 OH lines together (∼ 1100 K.km.s −1 ). Thus CO is not the major cooling agent in this frequency range. In addition, our survey shows the presence of thousands of weaker lines from heavier and more complex molecules not detected in the previous surveys. The blow-ups of Fig. 2 illustrate the situation, with several lines from CH 3 CCH, CH 3 CN, HCOOCH 3 etc. To have a rough estimate of the contribution of this "grass" of lines to the total cooling of the gas (in this range of frequencies), consider a line density of about 15 lines per GHz (see above) and a line integrated intensity of ∼ 0.3 K.km.s −1 . This gives approximatively an integrated line intensity of 900 K.km.s −1 , namely comparable to the contribution of CO and its isotopologues.
Line parameters
A Gaussian fit has been performed for each of the lines of Table  4 . The parameters of the fit (integrated intensity, line width FWHM and rest velocity v LSR ) are reported in the same table. The uncertainties on the integrated line intensity take into account the spectra noise and the calibration uncertainties reported in Table 1 . Note that we have verified that even when the line profile differs from a simple Gaussian (for example in self-absorbed lines, or lines with broad wings) the Gaussian fit area is very close to the true integrated line intensity and, therefore, reliable. The uncertainties on the line width FWHM and rest velocity v LSR take into account the statistical errors (from the fit) and the uncertainty due to the limited spectral resolution, which indeed dominates the error. The cases when the line profiles are clearly not Gaussian are marked in Table 4 . The average <FWHM> and <v LSR > for each species and isotopologues are reported in Table 5 , except for those which show severe blending due to unresolved or partially resolved hyperfine structure (CH 3 CN, HNCO, NH 2 D, NS).
In the following, we analyze the information derived from the Gaussian FWHM and v LSR of the lines. Figure 5 shows the FWHM versus v LSR for each species. In the plots, we have regrouped the isotopologues of the same species and, in a few cases, species with a small number of lines. Note that in these cases we verified that the species have similar FWHM and v LSR to avoid introducing artificial trends in the plot. Figure 5 shows a remarkable and unexpected behavior: the FWHM and v LSR distributions are not the same but, on the contrary, they depend on the species.
Based on the different FWHM and v LSR distributions, it is possible to identify four types of "kinematical behaviors":
1. Type I (first row of Fig. 5 (1) In the CDMS as in the JPL catalog, the species are associated to a five digit number, called TAG; the first two digits correspond to their molecular weight in atomic mass units, and the third digit is a 5 in the CDMS catalog, and a 0 in the JPL catalog. Our identification of the ortho and para forms of H 2 CO, D 2 CO and c-C 3 H 2 relies on the VASTEL Spectroscopic database (http://www.astro.caltech.edu/∼vastel/CHIPPENDALES) so that these species are associated with specific TAG. The deuterated isotopologues of methanol, not yet included in the CDMS and JPL databases, do not have a TAG. Our identification of their lines is based on the data given in Parise et al. (2002) and Parise et al. (2004) and references therein. (2) For most N-bearing species, due to unresolved hyperfine structure, this number is a lower limit corresponding to groups of blended lines. It can be noted that the FWHM averaged over each of the four frequency bands of the survey is similar, between 2 and 5 kms −1 , with a slight increase in the 1 mm band due to a poorer spectral resolution. We have verified that none of the four kinematical behaviors is an artifact due to this instrumental effect. Table 6 summarizes the situation. In order to better understand the physical meaning of the plots in Fig. 5 (and of the four identified Types) we have plotted in Fig. 6 species have been grouped as in Fig. 5 ; it is striking that the distinction between the four Types defined by the (FWHM, v LSR ) distribution is visible also in this plot. Type I species have lines with E up lower than 50 K. It should be noted that this is not an observational bias: excepted in a few cases of very light molecules, such as C 2 H, the species associated to Type I present high energy transitions in the survey frequency range, but the line intensities decrease abruptly when E up becomes larger than 50 K. In contrast, Type II, III and IV species present lines with E up up to 200 K but show different behaviors. For Type II species, the FWHM increases with E up , whereas for Type III and IV the FWHM is constant and does not depend on E up . In contrast, analogous plots of v LSR vs E up show that the lines' velocity does not depend on E up in any species. A related effect has already been observed by Schöier et al. (2002) , who noted a correlation between the linewidths and the excitation temperatures derived by Blake et al. (1994) and van Dishoeck et al. (1995) . These properties will be used to give a physical meaning to the four Types in §6. Finally, it can be noticed that when detected, the deuterated species show the same behaviour as the main isotopomers, except the D-isotopomers of Type III species that anyway present too weak lines to be detected in our survey.
Discussion
Comparison with previous surveys
When compared to the previous survey toward IRAS16293 (Blake et al. 1994; van Dishoeck et al. 1995) , the present one not only enlarges the covered frequency range (∼ 200 GHz versus ∼ 40 GHz) but also the number of detected species, thanks to the higher sensitivity (∼ 10 mK versus ∼ 40 mK). The average line density of the previous unbiased survey of IRAS16293 was 7 lines per GHz to compare with 20 lines per GHz for the present one. Several species detected in our survey were not detected in the previous one: complex organic molecules (HCOOCH 3 , HCOOCH 3 and CH 3 OCH 3 ), carbon chains and rings (C 2 S, C 4 H, c-C 3 H), N-bearing species (NO, PN, NS) and several D-bearing molecules.
Towards hot cores, numerous surveys have been performed. They cover the whole range of frequencies reachable from the ground, from the 3 mm range observed with IRAM, SEST, NRAO or JCMT to the submillimeter windows observable with the CSO and JCMT (MacDonald et al. 1996; Schilke et al. 1997; Helmich & van Dishoeck 1997; Nummelin et al. 1998; Thompson & MacDonald 1999; Kim et al. 2000; Nummelin et al. 2000; Lee et al. 2001; Schilke et al. 2001; White et al. 2003; Comito et al. 2005; Kim et al. 2006; Belloche et al. 2007; Olofsson et al. 2007; Tercero et al. 2010) . The line densities usually range from 10 to 20 lines per GHz, i.e. comparable to the present survey. SgrB2 appears as a noticeable exception, with significantly higher line densities, as high as 100 lines per GHz in the 3 mm range observed with IRAM (Belloche et al. 2007) or 40 lines per GHz in the 1 mm range observed with SEST (Nummelin et al. 1998 (Nummelin et al. , 2000 . Interestingly, the slope of -0.9 that we observe for the cumulative number of lines versus flux threshold is identical to the slopes observed by Schilke et al. (2001) ; White et al. (2003) ; Comito et al. (2005) in their submillimeter surveys of Orion-KL.
In conclusion, in terms of molecular content, our survey reveals a richness comparable to that of hot cores and confirms that the high abundance of deuterated isotopologues, which are easily detected for a number of species, is a distinctive characteristics of low mass protostars.
Kinematical types and associated components
As mentioned in the Introduction, IRAS16293 is formed by a proto-binary system surrounded by an infalling envelope. In addition, multiple outflows originate from the system (e.g. Castets et al. 2001) . Before attempting to interpret the observations of §5.3 and, specifically, the meaning of the four kinematical types of Table 6 , based on the line rest velocities and widths, we review what is known so far about the envelope and the proto-binary system.
a) Envelope
The envelope extends for 6000-7000 AU in radius, equivalent to about 100" in diameter, and it is relatively massive (∼ 2 M ) (Crimier et al. 2010) . At the border of the envelope the dust temperature is ∼ 13 K and the density is ∼ 10 5 cm −3 . The dust temperature reaches 100 K at a radius 75-86 AU, where the density is (2-3)× 10 8 cm −3 , creating the region called hot corino. The rest velocity of the cold envelope has been measured in several studies and it is ∼3.9 km.s −1 (Mizuno et al. 1990; Bottinelli et al. 2004; Takakuwa et al. 2007 ). Molecules probing the cold envelope have ∼ 2 km.s Table 7 ). Some (Table 4 ). All the detected species and the relevant isotopologues of Table 5 are plotted, except those in which the lines have obviously non Gaussian profiles (see text). In particular, the labels HCN* and OCS* mean that the main isotopologues of these species are not included, due to their non Gaussian profiles. The 1 sigma errorbars include fit and spectral resolution uncertainties. The vertical lines at v LSR = 2.7 and 3.9 km.s −1 correspond to the velocity of the components B and A respectively (see §6). The horizontal line at 5 km.s −1 corresponds approximatively to the average of the line FWHM range. species are associated only or predominantly with one of the two sources A and B, and others are observed in both sources. All studies agree in measuring broader lines towards A (∼ 8 km.s −1 ) than towards B (∼ 3 km.s −1 ). However, the situation about the rest velocity of the molecular emission in the two objects is more confused: there is some evidence that the two objects have different rest velocities (higher in source A than in source B), but this difference might also be due to absorption by the envelope according to Chandler et al. (2005) or self-absorption in optically thick lines from source B according to Bottinelli et al. (2004) ; Kuan et al. (2004) also report velocities somewhat higher in source A than in source B, with a dispersion larger than 2.5 km.s −1 from one species to another. According to Bisschop et al. (2008) , both A and B sources show emission at velocities between 1.5 and 2.5 km.s −1 ; Huang et al. (2005) mention two velocity components at 1.5 and 4.5 km.s −1 for source A and show emission from B peaking at ∼ 2 km.s −1 . It can be noted that all these studies use moderate spectral resolutions (∼ 1 km.s −1 ), deal with a small number of lines (often only one) for each species and, in some cases, suffer from poor signal to noise ratio for the weakest lines. Table 7 summarizes, for each of the species classified according to their kinematical Type in Table 6 , the results of interferometric observations towards the three components of IRAS16293 (sources A and B and envelope). Table 5 are plotted, except those in which the lines have obviously non Gaussian profiles (see text). In particular, the labels HCN* and OCS* mean that the main isotopologues of these species are not included, due to their non Gaussian profiles. The 1 sigma errorbars include fit and spectral resolution uncertainties. The horizontal line at 5 km.s −1 corresponds approximatively to the average of the line FWHM range.
c) Interpretation of the kinematical types Based on published interferometric observations each species is assigned to one or two of the three components (source A, B and envelope). For example, CN has the Type I kinematical characteristics (v LSR ∼ 4 km.s −1 and FWHM∼ 2 km.s −1 ) and has only been detected associated with the envelope and was not detected in any of the two sources A and B. On the contrary, CH 3 CHO has the characteristics of the Type III behavior (v LSR = 2.5-3 km.s and FWHM ≤ 4 km.s −1 ) and has only been detected in the direction of source B. Some species of Table 6 (C 2 H, C 3 H, C 4 H, C 2 S, NO, HNC, HCS + and CS) have not been observed with interferometers, to the best of our knowledge, so they are not reported in Table 7 . The correspondence between the four Types of Table  6 and the interferometric observations presented in Table 7 suggests that the species belonging to the same kinematical Type are associated with a spatially different source: envelope (Type I), source A (Type II), source B (Type III) and a mix of the three previous components (Type IV). It should be noted that the distribution of molecules in four kinematical types is not an artifact or a bias due to the survey pointing, which favors emission from source B compared to emission from source A at higher frequencies. Even excluding all lines observed at IRAM 30 m or JCMT telescopes with a HPBW larger than 14", i.e. all lines with frequencies higher than 200 GHz, the v LSR versus FWHM plots and the FWHM versus E up plots show the same behavior.
1. Type I corresponds to molecules abundant in the cold envelope of IRAS16293. We cannot exclude that these species also emit in the densest parts of sources A and B but that this emission is strongly absorbed by the gas in the envelope. NO, which shows two broad and relatively bright lines with The first column reports the kinematical type of the species according to the definition given in Table 6 . The columns 2, 3 and 4 report where the species has been detected: source A, B and envelope respectively. The species in parenthesis means that weaker emission has also been observed in the relevant component or that they are questionable identifications ( E up = 36 K, bright narrow lines with E up= 7 K and barely detected lines with E up = 19 K (not included in this paper), might be an example of such a situation, which deserves a detailed excitation study to come. The 343.8 GHz line associated with source B was identified by Kuan et al. (2004) as the C 3 H 2 23 13,10 -23 12,11 transition(E low = 790 K) but the CH 3 CHO 18 2,17 -17 2,16 transition (with E up = 166 K) seems a more reasonable identification. 2. Type II identifies molecules prevalently associated with source A. A few exceptions, for which emission from source B is mentioned in the literature, deserve some attention. The identification by Huang et al. (2005) of a line to SO 2 (v 2 = 1) associated with source B is also questionable given the very high upper energy level (E low = 1800 K) of the transition, as is the attribution by Huang et al. (2005) of H 2 CS emission to source B, as no map is shown for this species. Finally, SO emission is rather extended and associated with both sources A and B (Chandler et al. 2005) . It is possible that part of the lines broadening is due to wings associated with the outflow, whereas the bulk of the emission is associated with the cold envelope (which would make SO rather a species of Type I). In addition, it should be noted that, without detailed excitation models which will be presented in subsequent studies, it is not possible to exclude that, for some Type II species, the cold envelope contributes to the emission observed at low E up and low FWHM. 3. Type III species have lines prevalently emitted by source B.
HCOOCH 3 , which has been observed both in source A and source B appears as a notable exception. Excitation modeling of this species will be discussed in detail in a subsequent paper. Several qualitative arguments may already contribute to explain why no lines with Type II characteristics are present in this study: (i) as the lines emitted by the source A are much broader than the lines emitted by the source B, those lines present a higher percentage of blending with nearby lines which excludes them from this study; (ii) in our large beam observations, emission from sources A and B are superposed; the narrow lines emitted from the source B appear "on the top of" broad lines emitted by the source A and are, thus, more easily detected; (iii) this second effect is enhanced by the pointing towards the source B. 4. Type IV species are a mixed bag. The species are present in both source A and B and, sometimes, even in the envelope. Depending on the intensity contribution, the lines can have a low or high v LSR and FWHM. Therefore, Type IV species are not associated with any specific component.
Using the kinematic properties of the lines, we were able to propose general trends as whether the emission of the species originates from source A or source B although both sources are included in our single dish observations. Despite the fact that the kinematic differences are small, for example a difference in the v LSR of not more than 1.5 km.s −1 , we were able to draw a general picture thanks to the large number of detected lines.
The dynamics of sources A and B
Having identified where the emission from the various species originates helps to clarify the nature of sources A and B. As noted in several previous works, A and B have apparently a different chemical composition: source B is brighter in complex organic molecules, while source A is brighter in simpler S-and Nbearing molecules (see Table 7 ). Furthermore, it was also noted that the FWHM of the lines arising in source A are broader than in source B.
Our analysis establishes two additional properties previously unrecognized (see discussion in 6.1): i) the two sources have different velocities (v LSR ) and ii) in the source A, the FWHM of the lines increases with increasing upper level energy (Fig. 6 ) whereas it remains constant in the source B.
Concerning the linewidths behavior, a related effect, the increase of FWHM with the excitation temperature, had already been observed by Schöier et al. (2002) , but this represents a less direct probe of the gas kinematics, as it relied on modeling assumptions to derive the excitation temperatures. The increase of the lines FWHM with increasing excitation has been interpreted in two ways, either this is due to the effect of the infalling gas on the accreting protostellar object (Ceccarelli et al. (2003)), or the increased width is due to shocks caused by jet/wind interaction with the inner dense envelope (Schöier et al. (2002 ), Jørgensen et al. (2002 ). The two interpretations predict different molecular emission distributions. However, the existing maps do not allow to distinguish these interpretations. In addition, to fully disentangle these two interpretations requires a detailed modeling of the source that is beyond the scope of this paper. At this stage, it can simply be said that the interpretation of the infalling gas (Ceccarelli et al. 2000b ) would lead to reasonable estimates of source A and source B central masses: for optically thin emission, the free-fall velocity may be estimated from the linewidth, assuming that the FWHM includes quadratically a turbulent width δ th and the free-fall broadening; its analytic expression yields to the following expression of the core masse, where the widths are expressed in km.s −1 and the radius r in AU:
Assuming that the turbulent width in the A and B cores external layers is close to that of the envelope static gas, we derive δ th ∼ 2 km.s −1 from the Type I species linewidths. According to the interferometric observations of Type II and Type III species reported in Table 7 , both sources show a radius of ∼ 1.5" (i.e 180 AU at a distance of 120 pc). For core A, typical FHWM larger than ∼ 6 km.s −1 lead to a central mass of at least 0.8 M , whereas for core B, where FHWM are smaller than ∼ 3 km.s −1 , the central mass cannot exceed 0.1 M . This assumes that the linewidths are due to collapsing envelopes rather than rotating disks. If they were, on the contrary, due to rotating disks, one would have to take into account the (unknown) inclination angle. The available interferometer observations, which barely spatially resolve the core A only (Bottinelli et al. 2004) , do not allow to distinguish between these two possibilities. In the following, we will restrict the discussion to the infalling envelopes, for simplicity, but our conclusions substantially apply also to the disk case.
The difference between the v LSR of both sources can be interpreted in the following way: the source B rotates around its companion, the source A; for a distance of 480 AU between cores A and B, and a core A mass of 0.8 M , the rotation velocity of core B is 1.2 km.s −1 . The observed difference between A and B velocities (v LSR of 3.9 and 2.7 km.s −1 respectively) is thus perfectly consistent with this picture. Bottinelli et al. (2004) already discussed this possibility but did not have enough evidence for preferring it with respect to another hypothesis where the lines kinematics properties reflect opacity effects. The large number of lines and species observed in our survey allows to favor the dynamical issue.
Conclusions
We have presented the unbiased spectral survey of the 3, 2, 1 and 0.9 mm bands accessible from ground towards the Class 0 source IRAS16293. For that, we used the IRAM-30 m and JCMT-15 m telescopes, during about 300 hours of observations. This is the most sensitive survey ever published in these bands towards a solar type protostar.
The data have been released for public use in two CLASS files, which can be retrieved on the web site http://wwwlaog.obs.ujf-grenoble.fr/heberges/timasss/. The site also contains two accompanying files (reported in the On Line Material) providing informations about the calibration of the single receiver settings, obtained by comparing the survey lines with previously obtained observations.
The line density, ∼ 20 lines/GHz, appears as high as in comparable surveys obtained towards high mass protostars (with the exception of SgrB2). More than one thousand unblended lines with S/N≥ 3 and upper energy levels lower than 250 K have been identified through the comparison with the JPL and CDMS catalogs. They correspond to 32 chemically distinct species, showing a chemical richness comparable to that of hot cores. The identification of 37 additional rare isotopologues and, specifically, numerous D-bearing molecules confirm that IRAS16293 has a remarkably high abundance of deuterated species. The 3 mm -0.9 mm spectra are dominated by relatively simple molecules (CO, SO, H 2 CO, SO 2 and CH 3 OH). However, the numerous weaker lines emitted by larger molecules account for at least as much as the CO integrated line intensities.
The analysis of the profiles of this large set of identified lines, and specifically the central velocities and widths, gives clues to disentangle where each emission dominantly originates from: cold envelope (narrow lines at V LSR 3.9 km.s −1 ), source A (broader lines at V LSR 3.9 km.s −1 ) and source B (narrow lines at V LSR 2.7 km.s −1 . Furthermore, in source A, the line widths increase with the upper energy level of the transition. If this behavior is interpreted as due to gas infalling towards a central object, the core A mass is ∼ 1 M and the lower line widths observed towards source B set an upper limit to the mass of this source, ≤ 0.1 M . The observed difference in the V LSR , ∼ 1.2 km.s −1 , is consistent with the source B rotating around the more massive source A. From a chemical point of view, the source B shows predominant emission from O-bearing complex molecules whereas N-and S-bearing molecules are strong emitters in the source A. In order to derive reliable estimates of the corresponding chemical abundances, it is necessary to carry out careful radiative transfer modeling. This is postponed to future articles. Schöier The two backends used in the 129-175 GHz range were the VESPA autocorrelator (0.32 MHz resolution) and the 1 MHz resolution Filter Banks (FB). All lines have been identified with the line identification package CASSIS (http://cassis.cesr.fr), except the deuterated forms of methanol. For these latter species, not yet included in the JCMT and CDMS databases, the molecular data come from Parise et al. (2002 Parise et al. ( , 2004 and we derived the line parameters with the GILDAS-CLASS package (http://www.iram.fr/IRAMFR/GILDAS). *
The deuterated forms of methanol, not being included in the CDMS or JPL spectroscopic databases, do not have TAG and A i j . CASSIS ingest the CDMS and JPL spectroscopic databases, and the TAGs are those given by these databases to identify the molecules. CASSIS also ingest the VASTEL spectroscopic database (http://www.astro.caltech.edu/∼vastel/CHIPPENDALES), in which the separation of the ortho and para forms has been performed for some molecules listed in CDMS and JPL. For this database, the TAG are adapted from those of the molecules in the original database.
The columns δ
Int and δ FWHM only give respectively the statistical errors on the peak intensity and FWHM computed during the fit. The column δ
Flux gives the quadratic error on the total flux in the line, taking into account the calibration error given in the Section 3 Calibration. It is computed as: δ
where, respectively, Cal is the calibration error, Flux is the line flux, rms is the observed rms, FWHM is the full width half maximum of the line, and dv the velocity resolution, at the given line frequency.
